Captopril (KPL) (1-(3-mercapto-z-1)-methyl-1-oxopropyl)-l-proline (S,S) is a potential drug for the treatment of high blood pressure that can result from over production of angiotension II. Captopril inhibits the enzyme, which catalyzes the conversion of inactive angiotension II (schem-1) . The mechanism of the action has not been proved, but probably accurs through interaction with the enzyme a zinc containing metalloprptien, at its active site 1 . Captopril is an antihypertensive drug currenlly being administered in tablet from. 
INTRODUCTION
Several methods are in use for captopril analysis. These include spectrophotometry 2 , chromatography 3 , electro 4 , AAS 5 .
Ford and timmins 6 , pointed out use of thermal analysis in the characterization of pharmaceutical solids and the use of thermal analysis in the development of solid dosage forms. The decomposition rate of KPL was studied using isothermal and rising temperature methods on a simultaneous thermal analysis TG-DTA unit 7 . The thermal behavior of KPL and its cabalt complex was studied 8 . Mass spectrometry is an indispensable tool in chemistry, biochemistry , pharmacy, and medicine 9 . The technique is important for drug metabolism studies because it provides a large amount of structural information with little expenditure of sample 10 . In electron impact (EI) mass spectrometry , the fragmentation consist of a series of competitive, and consecutive unimolecular fragmentation 11 . Thermo gravimetric ( TG / DTG ) analysis is used to provide quantitative information on weight losses due to decomposition and evaporation of low molecular material as a function of time or temperature .
In conjunction between mass spectral fragmentation , and thermal decomposition process, the nature of the interpretation of thermal degradation can provide additional data, which can be used successfully for interpretation of experimental results of fragmentation processes 12 .
Although the literature is wealthy in information related to the biological activities of KPL, and its derivatives , it seems a lack of any correlation between chemical behavior, and its electronic structure of this drug.
In the present work, we have investigated the behavior of KPL, upon electron impact mass spectrometry at 70 eV, and thermal analysis (TA) measurement (TG-DTA, and DSC). Also MO calculation are performed using PM3 procedure on the neutral molecular and charged species to investigate bond order, atomic charge distribution, and heat of formation . These calculation are correlated with that obtained from both TA and ms to know information about the stability of the drug, and prediction of the site primary fragmentation step, and subsequent ones
EXPERIMENTAL

Material
Sigma Chemical Co. applied the sample of captopril (Lot # 37H1120), St. Louis, Missouri.
Equipment and Procedures Thermal Analyzer
A simultaneous TG-DTA Model No. 2960 (TA Instruments) was used to study the decomposition of the drug. The experiments were performed between ambient and 600 0 C. The temperature program had a heating rate of 0 C/ min from ambient to 600 0 C.
Dry nitrogen, at a flow rate of 100 MI / min, was used as the purge gas. The flow rate was measured using an electronic flow meter, (J& W Scientific, Model # ADM 1000). The sample mass was kept in the range of 5mg. Platinum crucibles of 110 ml capacity were used as the sample holder and reference.
Mass Spectrometer
The mass spectrum of (KPL) was recorded with mass spectrometer Model MS-5988 GC Hewlett-Packard instrument operating at ionization voltage of 70 eV, and source temperature 200 C 0 , sample was evaporated from heated metal capillary and introduced to the source of mass spectrometer.
Quantum chemical calculations
The calculations were performed using semi-empirical MO-calculation. The program used in these computations is the parametric PM3 method described by Stewart 13 . The geometries of all stable species studied were completely optimized with respect to all geometrical variables using the modified Davidson-Fletcher-Powell (DFP) 14 algorithm incorporated with the program. The program is run under the molecular orbital calculation package MOPAC 2000 by Stewart 13 for microcomputers and EF routine eigen vector following J. Baker method 15 .
RESULTS AND DISCUSSION
The chemistry and reactivity of KPL drug have always been of grate interest because of its importance as an antihypertensive drug. Knowledge of thermal decomposition mechanism of KPL is very important to understand the chemical processes that exact major fragmentation pathway in EI using conventional MS. Combination of the experimental techniques (MS and TA) and semi-empirical MO calculation is very important to understand the following topics in TA. a)
Stability of the drug in neutral and ionized species b)
Primary site of fragmentation c)
Major fragmentation pathway in TA and MS 
Thermal analysis (TA)
From the TGA and DTA of captopril in an inert atmosphere of N 2 . KPL by itself decomposed over the temperature range 160-450 0 C; a small residue of carbon was left at the end of the experiment. The experimental on the TG curve show two decomposition steps using a dry nitrogen atmosphere at a flow rat of 100 ml/min. Under the experimental conditions the onset weight loss temperature was around 160 0 C, and followed by the second step at 290-310 0 C from the TG curve readings. The first noticeable small blip on the DTG . curve is the peak temperature for the melting of KPL. The weight loss at 330 0 C is assigned to SH loss or degradation.
The maximum signal (temperature) from the DTA curve provides a very sharp peak, and represents the melting point of the material tested. A shallow broad curve can also be disarmed. The melting point of the material causes the first sharp peak, and the dissociation of KPL in the region of the second shallow peak.
The first inflection occurs at 27% mass loss (160-240 0 C) corresponding to the methyl, and carboxylic groups. The second step leads to the evaluation of the pyrrolinium groups as well as the partial pyrolysis of the molecule. 
Mass spectral fragmentation of KPL
Electron ionization (EI) mass spectra of KPL drug at 70 eV was recorded and investigated. A typical mass spectrum of the drug (bar graph) is shown in Fig. 4 , and the important ions are represented in table
The main fragmentation pathways following electron impact of KPL drug may be rationalized to electron elimination of the molecular ion [M] + as represented by(scheme2).
The most important mode of fragmentation of KPL drug molecular ion is that due to the competitive loss of CO 2 From Table (1) we can briefly summarized in the following main points: 1.
No appreciable change on the change of the charge localization on the three O-atom upon ionization 2.
2-Higher change on the charge localized on the Sulpher (S) atom upon ionization (-0.030 to 0.798) which is surly sit of electron rupture. 3.
Moderate change of charge localized on nitrogen atom upon ionization 4.
Little difference in bond lengths between neutral molecule and charge species 5.
For bond order, the lowest values are at C 2 -C 11 and C 6 -C 7 , we notice that for neutral C 2 -C 1 < C 6 -C 7 but for ion C 2 -C 4 > C 6 -C 7
Theoretical calculations MO calculations give valuable information about the structure of the molecules, which actually be used to support the experimental evidence. The much important parameters calculated using MO calculation include geometries, bond order bond length, charge distribution and heat of formation table (2) . In the present work, the calculations have been carried out on captopril drug, neutral molecule and charged molecular ion and have been used for prediction of the weakest bond cleavage and follow the fragmentation pathway in neutral molecule (as in the TA decomposition) and charged molecular ion (as in the MS fragmentation). Fig. (5) . Shows the numbering system of KPL skeleton that helps in ordering of charge distribution for neutral and charged (between brackets) and heat of formation. Bond order for both neutral molecule and charged molecular ion are presented in table 2.
MO-Calculations versus thermal decomposition and mass spectral
Captopril is important drug used as antihypertensive. The scope of this investigation is restricted to search for predictions and decomposition of initial bond rupture during the course of fragmentation of the KPL molecule. The calculations are important to help in determination of first step of cleavage. Comparing the calculated data obtained from neutral molecule obtained from TA and that obtained from ionic species with that obtained from MS.
For neutral molecule, and on the base of MO-calculation the bond order side chain (Table 1) refers to the possible starting decomposition of the neutral molecule at C 2 -C 11 (lowest bond order at 0.913) followed by rupture of bond C 7 -C 8 (bond order = 0.984). This last bond is weakness due to electrostatic repulsion due to similar charge on C 7 and C 8 atoms. The rupture of these two bonds i.e. C 2 -C 11 and C 7 -C 8 loss of the COOH and CH 3 molecules (wt loss= 27%). Subsequent decomposition the reminder loss 15.2% due to loss of sulohydryl radical ( . SH), bond order C 9 -H 10 = 0.992. Such a behavior is not unexpected as S-C bond is weaker than C-C bond [16] The calculated charge density localized on different atoms (Table 1) refer to a high charge density on O 12 (-0.380) followed by O 22 (-0.366) followed by O 13 (0.306) and low on N 1 (0.060) and S 10 (-0.03) while a high positive charge localized on C 6 (0.260) due to adjacent to pair electron (i.e N and O), which may be form stabilizing remainder of the last stage.
Empirical observations indicate that the course of subsequent fragmentation is determined to large extent by the initial bond rupture of molecular ion in MS 17 .
Mass spectra of KPL reveal two major competitive processes including principal fragmentation pathway (Scheme), due to loss of CO 2 subsequent by SH or SH subsequent by CO 2 .
PM3 calculations data (table2) show that the C 2 -C 11 has the smallest bond order of the charged system.
Finally we can proposed the thermal decomposition process as follow
CONCLUSIONS
This study provides further insights into application of experimental TA and MS techniques and theoretical investigation using PM3 procedure on KPL drug. From the application of both practical and theoretical techniques it is concluded that: The primary fragmentation of KPL both excremental technique can be explained by COOH+CH 3 loss followed by SH loss from the initial KPL molecule. In MS the first cleavage are due to the same initial bond cleavage while according with H-migration and loss of CO 2 molecule. The MO-calculation data helps the selection of the most probable fragmentation pathway.
